Objectives: Infants admitted to a neonatal intensive care unit (NICU) are routinely subject to a range of painful procedures. However, pain assessments in NICUs are under-utilized due to a lack of a gold standard pain measure. In this study we assessed the psychometric properties and clinical utility of the COVERS and Pain Assessment Tool (PAT), in a neonatal unit.
T he neonatal intensive care unit (NICU) is a clinical setting in which pain is an inevitable consequence of clinical care. Infants admitted to an NICU are subjected to a range of painful procedures between 10 and 12 times in the average day. [1] [2] [3] Given the frequency of potentially painful procedures, the NICU represents a clinical setting where regular pain assessment should be a requirement of practice. Currently, pain assessments in NICUs are underutilized, with estimates indicating that less than a quarter of NICUs or clinicians working in these setting regularly use validated pain assessment measures. [4] [5] [6] [7] [8] [9] It was once thought that newborn infants lacked the capacity to experience pain due to underdeveloped nervous systems. However, research findings in recent decades indicate that even premature neonates are able to experience and interpret pain and display pain behaviors. [10] [11] [12] Pain is now considered by some to be the fifth vital sign, and many clinicians agree that pain should be both anticipated and assessed in all clinical settings caring for neonates. 13 Pain assessment in neonates involves the observation of behavioral and physiological indicators as proxies for pain, 14, 15 and is particularly important given that the current gold standard measure of pain-self-report-is unachievable. 16 Scales are constructed using multiple indicators and can be categorized as unidimensional, in which scales assess one indicator of pain, or multidimensional, in which scales assess multiple indicators of pain. 17 The most well-validated neonatal pain assessment scales appear to be those that assess both behavioral and physiological indicators of pain. 16, 18 Multidisciplinary guidelines recommend the use of multidimensional scales as these should result in more accurate appraisals of pain experiences. 19, 20 In recent decades there has been a proliferation of pain measures specific to neonates, and there are now over 40 measures available. Despite this, a gold standard or universally preferred scale that differentiates between distress and pain is yet to emerge from published research. [21] [22] [23] As well as discriminating between pain and distress, a gold standard scale would demonstrate acceptable degrees of internal consistency, inter-rater reliability, concurrent validity, construct validity, as well as clinical feasibility and utility. 1, [24] [25] [26] Experts in neonatal pain have outlined deficiencies in pain assessment research, and have recommended a focus on the refinement and further validation of current scales among neonates of varying gestational ages and conditions. 20 The COVERS scale 27 and the Pain Assessment Tool (PAT) 28, 29 are 2 commonly used neonatal pain measures in Australia. These scales were chosen for their clinical applicability, which was highlighted by clinicians working in the NICU, and also as there is a lack of literature investigating their psychometric properties. This study assessed the psychometric properties and clinical utility of both scales in a neonatal unit.
MATERIALS AND METHODS

Purpose
To assess the reliability, validity, and clinical utility of 2 measures of neonatal pain-the COVERS scale 27 and a modified version of the PAT. 28 
Participants
The study was conducted at The National Women's Newborn Intensive Care Unit (NICU) at Auckland City Hospital from June to August 2013. The sample consisted of 80 neonates and their mothers. Seventy-two NICU nurses assessed pain in neonates using each of the scales. Infants admitted to the NICU were eligible to participate if they required heel lancing for routine blood collection. Infants of all gestational ages, as well as those requiring surgery, were included. Infants receiving oral sucrose for pain relief were also included. With regard to the use of oral sucrose, NICU guidelines allow an oral dose of 0.2 mL of 66.7% sucrose solution to be used as pain relief. Infants must be >1500 g and >31 weeks' postconceptional age to be given sucrose. Up to 4 doses of sucrose can be given in any 24-hour period. Infants were excluded from the study if they were in a critical condition or were expected to die, had severe neurological impairment, were receiving muscle relaxants for ventilation, were pharmacologically paralyzed, or if their sedation was significant enough to reduce their pain responses. The infants' mothers were not asked to participate in the study if they were not fluent in the English language.
Procedure
Nurses working in the Auckland City Hospital NICU were recruited to use the 2 scales to carry out the pain assessments. Before data collection nurses were given verbal training regarding how to score infants using each measure. Nurses' time constraints precluded further education and practice in completing questionnaires. Subsequently, mothers of eligible infants were invited to participate and informed consent was obtained. Ethical approval for the study was granted by The University of Auckland Human Participants Ethics Committee and the Auckland District Health Board Research Review Committee.
Data were collected at 2 points: a nonpain event, or "baseline," and a pain event, a heel-lance procedure. Each infant was assessed only once. The same 2 nurses rated pain during both events. One rater was the nurse in charge of the infant's care while the second rater was drawn from the pool of recruited nurses. Data for the nonpain event were collected in the infant's resting state by nurses who independently and simultaneously scored the neonate's level of pain on both scales. Data for the pain event were then collected as the infant underwent a heel-lance procedure. To control for order effects, scale completion order was counterbalanced. As only 2 nurses were involved in each assessment, 1 nurse performed the heel lance and at the same time made a pain assessment. The researcher, and if present the infant's mother, observed the infant during the pain event and rated the infant's pain. Before the heel lance, mothers were given instruction in how to complete a 0 to 10 pain rating using the 11-point Box-Scale. 30 Following the completion of data collection from the 80 infants, the researcher approached the 62 nurses that had completed at least one pain assessment and asked them to complete a follow-up questionnaire designed to assess the clinical utility of the scales.
Measures
Clinical data were collected from clinical notes immediately before the heel lance: sex, gestational age at birth, birth weight, reason for admission, current weight, current age, current level of care, any previous surgery, the presence of any breathing support, the use of any muscle relaxants, analgesics or sedatives, and the use of any nursing comfort measure before the heel lance including the administration of oral sucrose, swaddling, kangaroo care, breastfeeding, or the use of a dummy.
The COVERS scale 27 and a modified version of the PAT 28 were used to assess pain (Appendix 1.) The original PAT has 10 undefined response options-1 for each of the 10 items. Therefore, minor additions were made to these items on the scale to help staff to complete the measure and to improve its consistency. Descriptors were included to describe scores of zero for "Posture/Tone," "Expression," "Respirations," and "Heart rate" and to describe scores of one for "Cry," "Sleep pattern," "Color," "Oxygen saturation," "Blood pressure," and "Nurse perception." The authors of the PAT recommend that scores >5 should result in nursing comfort measures such as soothing, use of a pacifier, and repositioning, and scores >10 should result in analgesia.
The researcher and the mothers (when present) completed an 11-point Box Scale 30 during the heel lance. For the purposes of this study, the scale's anchors were worded so that it was suitable for the mothers and the researcher-"your level of pain" was replaced with "this infant's level of pain."
A questionnaire to evaluate the clinical utility and feasibility of the 2 pain scales was also designed for use in this study. The questionnaire's 20 items (10 relating to each scale) assessed: difficult items, inappropriate items, the clarity of each scale's layout, the clarity of written descriptors, the scale's ease-of-use, the perceived accuracy of the scale, the perceived helpfulness of the scale, how happy nurses would be to use the scale, and an overall rating of the scale. Respondents were also asked to specify their preferred scale. There were 7 continuous items, with a maximum total score of 70, and 3 items with discrete response categories. The order in which the block of questions regarding each scale appeared was counterbalanced to control for order effects.
Data Analyses
Previous studies testing the concurrent validity of neonatal pain scales have evidenced large effect sizes. 27, 31 To detect a large effect size (r = 0.50) with power of 0.80 and an a-level of 0.05, 28 participants were required. To yield more accurate results, data were collected from 80 infants. 32 Data were analyzed using IBM SPSS Statistics 20. An a-level of 0.05 was used for all tests. Data were assessed for normality, and means and frequencies of clinical data were calculated.
The internal consistency of each scale at each time point was established using mean interitem correlations, corrected item-total correlations, and the Cronbach a reliability coefficients. Inter-rater reliability was established using Kappa Measure of Agreement 32 for categorical data, and intraclass correlations (ICCs) for continuous data.
The Spearman rank order correlations assessed concurrent validity by investigating associations between mean total scores on either scale at baseline, and between mean total scores and mothers' scores. Pearson correlations assessed associations between mean total scores on either scale at heel lance, and between mean total scores and the researcher's score. Construct validity was established by comparing mean total scores during 2 nonpain versus pain events: baseline versus heel lance, and sucrose versus no sucrose. The sensitivity of the scales to heel lance was established using Wilcoxon signed ranks tests, whereas 1-way analyses of covariance (ANCOVAs) established the sensitivity of the scales to the administration of sucrose after controlling for baseline pain scores. Wilcoxon signed ranks tests and McNemar tests were used to detect any statistically significant differences in nurses' attitudes toward each scale.
RESULTS
Infant Characteristics
The majority of the infants were male (60%) and born premature (28 to 37 wk gestation) (61.3%). The remainder were extremely premature (r28 wk) (26.3%) or term (Z37 wk) (12.5%). Gestational age at birth ranged from 23.6 to 41.1 weeks (M = 31.6, SD = 4.7), and birth weights ranged from 580 to 4620 g (M = 1781, SD = 982). Six infants (7.5%) underwent surgery before pain assessment. At the time of assessment, average weight was 1934 g and average age was 14 days. Forty infants (50%) were receiving the highest level of intensive care, 34 (42.5%) were in high-dependency care, and 6 (7.5%) were in low-dependency care. Thirty-four (42.5%) infants were receiving continuous positive airway pressure and 5 (6.3%) were mechanically ventilated. Twenty-five infants (31.3%) received a comfort measure such as swaddling, kangaroo care, breastfeeding, or use of dummy before or during assessment; of these, 60% received oral sucrose.
Reliability
Internal Consistency
The mean interitem correlations on both scales were within the optimal range (M = 0.20 to 0.40). 33 Corrected item-total correlations for COVERS scale items (range = 0.19 to 0.68) and modified PAT items (range = 0.35 to 0.71) were largely acceptable (r > 0.30) 34 ; the only item that did not perform well was the "Oxygen requirement" item on the COVERS scale. The Cronbach a for the COVERS scale at baseline and heel lance was 0.74 and 0.78, respectively. The Cronbach a for the modified PAT at baseline and heel lance was 0.79 and 0.85, respectively. 36 and were statistically significant (P < 0.001).
Inter-rater Reliability
Validity
The Spearman r correlations demonstrated strong associations between the mean total scores on the 2 scales at baseline (r = 0.81, P < 0.001), as well as between the researcher's ratings and mean total scores on both the modified PAT (r = 0.69, P < 0.001) and the COVERS scale (r = 0.75, P < 0.001) at heel lance. 37 The Pearson r correlations also found strong associations between the mean total scores on the 2 scales at heel lance (r = 0.91, P < 0.001), as well as between maternal ratings and mean total scores on both the modified PAT (r = 0.65, P < 0.05) and the COVERS scale (r = 0.74, P < 0.05) at heel lance. 37 These findings support the concurrent validity of both scales.
There were statistically significant increases in pain scores on both the COVERS scale (Md baseline = 0; Md heel lance = 3.5), z = À 7.22, P < 0.001, and the modified PAT scale (Md baseline = 0.25; Md heel lance = 5.5), z = À7.19, P < 0.001, from baseline to heel lance. Effect sizes for both tests were large (r = 0.58). ANCOVAs revealed significant effects of sucrose on pain scores at heel lance on both scales after controlling for the effect of baseline pain score. 
Gestational Age
A Kruskal-Wallis test revealed no statistically significant differences in mean total scores at heel lance across the 3 different gestational age groups on either the PAT (P = 0.15) or the COVERS (P = 0.46). The COVERS scale demonstrated satisfactory internal consistency among extremely preterm neonates, a = 0.74, and good internal consistency among preterm neonates, a = 0.80, and term neonates, a = 0.81. 34 The modified PAT demonstrated good internal consistency among all infants (extremely preterm, a = 0.87; preterm, a = 0.83; term neonates, a = 0.88). Inter-rater reliability for both scales was reasonably high for all neonates aside from term neonates assessed at baseline (Table 1) .
Concurrent validity analyses for the 2 scales among the 3 gestational age groups are presented in Table 2 . Concurrent validity for term neonates at baseline could not be established for either scale, and correlations between pain scores and researcher ratings for extremely preterm babies at heel lance were moderate.
Clinical Utility and Feasibility
Mean total score for the modified PAT on the measure of clinical utility and feasibility was M = 49.33 (SD = 12.16) and for the COVERS Scale M = 48.95 (SD = 11.68). There were no significant differences in either scale's format, clarity, ease-of-use, accuracy, helpfulness, overall rating, number of difficult items, or the degree to which the nurse would be happy to use the scale, Ps = 0.28 to 0.72. However, there was a significant difference in the proportion of nurses rating that each scale is appropriate for all infants admitted to the NICU (65.2% for the modified PAT vs. 34.8% for the COVERS scale, P = 0.016). The Signaling distress item of the COVERS scale was often cited as inappropriate by nurses as flailing and arching that necessitates the maximum pain score are uncommon in preterm infants. 38, 39 The corresponding Posture/Tone item on the modified PAT includes subtler pain responses, for example, clenching of fists, which preterm infants are more capable of displaying. The majority of nurses (52%) preferred the modified PAT; 16% preferred the COVERS Scale; 32% had no preference.
DISCUSSION
This study investigated the psychometric properties of 2 neonatal pain measures in an intensive care setting, where improved pain assessment practices are urgently needed. This study found that, in general, both the COVERS scale and the modified PAT are reliable and valid measures of pain in neonates. Furthermore, reliability and validity was mostly upheld across the range of gestational ages.
The Cronbach a values obtained in this study are comparable with those of established multidimensional pain scales. [39] [40] [41] However, Kappa Measures of Agreement 42 in this study revealed poorer agreement between raters on each scale item than has been found in studies of comparable pain scales. Although agreement between raters in this study was fair to moderate, moderate to substantial agreement has been found between other scales. 43 This study, relative to other studies, recruited a large number of nurse participants with varying levels of experience. As a result, methodological variance may play a part in the findings of low inter-rater agreement for several scale items. Nevertheless, it is our belief that using a larger group of pain assessors is more naturalistic and ecologically valid, given that all staff nurses are required to assess pain in clinical practice. However, more intensive training on the use of the scales is likely to lead to better inter-rater reliability, particularly on "Vital signs," "Expression," "Resting," and "Signaling distress" for the COVERS scale and the "Heart rate" item on the PAT.
ICCs measuring the agreement between raters' total scores are consistent with a previous investigation into the original PAT, 28 as well as with studies of other established pain scales. 44 Lastly, findings which revealed that nurses' ratings were highly correlated irrespective of the degree of pain contradicts the results of a previous investigation which found that as the total PAT score increased the agreement between raters decreased. 45 Our findings of strong correlations between scale scores at both time points are consistent with previous investigations. 27, 45 Furthermore, our findings support the construct validity of both the modified PAT and the COVERS scales and indicate that the scales have construct validity comparable with that of more widely validated neonatal pain measures. 39, 44, [46] [47] [48] [49] To date, the reliability and validity of the PAT and the COVERS scale has not been investigated in infants younger than 27 weeks' gestational age. The present research extends previous research by finding that, when looking at the entire sample, both scales are reliable and valid among infants born at 24 weeks' gestational age and above. Looking closer there were areas where the scales performed less well, however it is likely that certain findings are a consequence of the small sample of infants, and in particular term infants.
Little research has formally tested the clinical utility of neonatal pain scales, despite these properties being necessary if the measure is to be used successfully in the clinical Coefficients represent the reliability between 2 independent raters, on average.
PAT indicates Pain Assessment Tool. **P < 0.001. *P < 0.01. setting. 50 Although several established pain scales have been criticized for being cumbersome, in the present study both scales were administered in less than 3 minutes. In this study, both scales received positive evaluations, however, nurses perceived the modified PAT to be more suitable for the range of infants admitted to the NICU. Further work needs to be carried out to establish whether the "Signaling distress" item in the COVERS scale is useful to include in preterm infants. The PAT and the COVERS have been said to be pertinent to the range of infants requiring intensive care, for example the COVERS scale is unique in that it assesses "Visible crying." Intubated or very preterm infants are often unable to cry audibly, thus the addition of this item improves the relevance of pain assessment to these infants. 27 Distinct from other scales, the modified PAT includes nurses' perceptions of pain, which are important given that these normally determine whether pain relief will be administered.
Several caveats of the research need acknowledging. First, it is important to note that given the similarities between the 2 scales, correlations between pain ratings are highly likely. Second, this study was limited by the design which necessitated 2 nurses assessing pain, meaning that 1 nurse had to perform the heel lance and complete the scales retrospectively. The design of the study also meant that nurse participants were not blind to the administration of nursing comfort measures such as oral sucrose. Both issues might have been resolved by videotaping all infants and having 2 nurses assess pain by viewing the recording. It should be noted that in clinical practice the same nurse would be responsible for performing the heel lance, assessing pain, and administering pain relief, therefore the design of this study increases its ecological validity.
Unlike previous research, this study is strengthened by the inclusion of a broad range of infants as young as 24 weeks' gestational age. In addition, while many previous studies are limited in that they analyze the combined data from infants of varying gestational ages, this study acknowledged the effect of gestational age on pain responses and analyzed data across 3 gestational age groups.
Although this study assessed a broad range of psychometric properties, further research is needed to establish the scales' intrarater reliability, test-retest reliability, predictive validity, and further evidence of construct validity. There is also a need to test whether the scales can discriminate between pain intensities, and between pain and similar constructs such as distress. One of the methods of addressing the issue of whether assessment measures are truly measuring pain is to conduct sensitivity and specificity analyses. Sensitive scale items correctly identify infants experiencing pain and specific items correctly identify infants not experiencing pain. 24 For example, for an item of the PIPP to be considered sensitive it had to be present over 50% of the time during a "painful" procedure, while a specific item could not be present more than 20% of the time during a "nonpainful" procedure. 40 Similar sensitivity and specificity analyses for items on the PAT and the COVERS should be conducted in the future so as to determine whether the scales truly reflect infant pain.
Future research might also consider assessing the scales' construct validity further in situations where pain is expected to vary, such as heel lance versus lumbar puncture. In addition, comparing responses of infants in nonpain situations such as diaper-change versus ultrasound could be investigated, along with "distress" situations such as hunger, tiredness, and agitation. If the scales are assessing pain, a significant difference between heel lance and a more invasive procedure would be anticipated, meanwhile significant differences between variations of distressing situations would suggest that the scales are not truly assessing pain.
There is a drive in the literature to conduct further research so that a gold standard pain assessment scale may eventually arise. To this end, future research should avoid the development of new scales, and should instead focus on the reliability, utility, and most importantly the construct validity of existing scales. 20 Future research should, where possible, also involve analyses for distinct gestational age groups. 
